In the previous papers (Clifton and Sobek, 1961a,b) it was reported that approximately 50% of exogenously supplied glucose is oxidatively assimilated by Bacillus cereus. Endogenous respiration of the cells is apparently suppressed by 20 to 40% in the presence of glucose. The endogenous substrates appear to be located primarily in the hot trichloroacetic acid-insoluble fraction of cells grown on nutrient agar, and in both hot trichloroacetic acid-soluble and insoluble fractions of organisms grown on 1 % glucose nutrient agar. The present study deals with the distribution of uniformly labeled C'4-glucose in washed cells of B. cereus.
In the previous papers (Clifton and Sobek, 1961a,b) it was reported that approximately 50% of exogenously supplied glucose is oxidatively assimilated by Bacillus cereus. Endogenous respiration of the cells is apparently suppressed by 20 to 40% in the presence of glucose. The endogenous substrates appear to be located primarily in the hot trichloroacetic acid-insoluble fraction of cells grown on nutrient agar, and in both hot trichloroacetic acid-soluble and insoluble fractions of organisms grown on 1 % glucose nutrient agar. The present study deals with the distribution of uniformly labeled C'4-glucose in washed cells of B. cereus.
MATERIALS AND METHODS
The strain of B. cereus and the methods used in this study were the same as those previously employed by Clifton and Sobek (1961a,b) . Slightly denser cell suspensions were employed and adjusted so that a 1:10 dilution gave a 66 reading of 180 to 190 in a Klett-Summerson colorimeter (green filter, No. 54 ). This reading represents approximately 5 mg dry weight of cells per ml of the undiluted suspension. The suspension medium was 0.05 M phosphate buffer (pH 7.2) to which 5 ml of 0.1 M magnesium chloride was added per 100 ml of buffer. The methods for C14 determination, cell fractionation, and other determinations are the same as previously employed (Clifton and Sobek, 1961b) . Minor modifications in procedure are described in Results.
RESULTS AND DISCUSSION
Glucose solutions containing uniformly labeled C'4-glucose were added to give a concentration of 0.001 M glucose in 10 ml of suspensions of B. cereus in 125-ml Erlenmeyer flasks equipped with a center well containing 0.5 ml of 20 % potassium hydroxide. These flasks were stoppered and shaken in a Warburg bath at 30 C. The alkali was removed and its radioactive CO2 content determined. Portions of the suspensions were placed in centrifuge combustion tubes in an ice bath. Cold trichloroacetic acid (10%) was added in equal volume to some tubes; the cells in other tubes were separated from the fluid by centrifugation. Results of a typical experiment for a 2-hr period of incubation of cells on nutrient agar and a 1-hr period for cells on glucose agar are recorded in Table 1 . In general it was observed that glucose-grown cells utilized glucose much more rapidly (two to three times) than did those from nutrient agar (Difco Laboratories, Detroit, Mich.), although no lag in oxygen consumption was noted in other experiments where this was studied with the latter cells.
The assimilated glucose carbon is distributed in various fractions of the cellular material ( cells at first was apparently in a labile metabolic pool in the cold trichloroacetic acid-soluble fraction. For example, after 1 hr the C14 cell/CO2 ratio for glucose-grown cells was 3.7 and after 2.5 hr, when most of the glucose had been utilized in a duplicate suspension of the glucose-grown cells, it was 1.9. The possibility that the high C14 content of the cells might arise from glucose-C'4 held mechanically in the packed cells or on the walls of the centrifuge tube was examined. When 196 x 10-,Uc of glucose was added to 2 ml of an acidified suspension of B. cereus, only 3.2 X 10-3 tc was found in the cells and tube while 192 X 10'3 c was recovered in the supernatant fluid. Hence it would appear that the values reported are not influenced appreciably by residual glucose-C'4 on the walls of the vessels or between the cells. No appreciable incorporation of C14 in alcohol-insoluble chloroform-soluble extracts (poly-,B-hydroxybutyrate) was noted in tests for the polymer.
The C14 cell/CO2 ratio, 15.8, was much higher for the nutrient agar-grown cells after 2 hr incubation. This was studied in more detail with such cells, and, in addition, oxygen consumption was determined in Warburg respirometers. The contents of a Warburg vessel (2 ml suspension, 0.2 ml 0.01 M glucose) were acidified after various periods of time, and the labeled CO2 determined in the potassium hydroxide used as the absorbent. At the same time, samples of the same cellular suspension shaken in a 125-ml flask were removed and employed for determination of cellular-and supernatant-C'4. (Acidification induces some loss of C14 from the cells and, therefore, contents of the Warburg vessels were not used in the analyses.) Typical results are recorded in Fig. 1 . There is a very marked uptake of glucose-C'4 in the first 0.5 hr and very little C14-CO2 production (Fig. 1) . The C14 cell/CO2 ratio was 14.3. This ratio decreased to 8.8, 3.6, 3.2, and 2.3 during 1, 2, 3, and 4 hr, respectively. The oxygen consumption of the suspension containing glucose was about one-third greater than that of the endogenous control during the first 0.5 hr. The over-all value for the 4-hr period was about onefourth greater. There does not appear to be any lag involved as far as enhanced rate of oxygen consumption is concerned, but it is apparent that glucose does not markedly increase the rate of oxygen consumption.
The results reported in Fig. 1 and the ratios presented above indicate that there is an initial rapid uptake of glucose but that labeled CO2 liberation is not pronounced during the first hour. the kinetic results presented in Table 3 of the first paper by Clifton and Sobek (1961a) . Hence, it would appear that with both cell types there is an initial rapid uptake of glucose into the cold trichloroacetic acid-soluble fraction and a stimulation of the oxidative activities of the cells, although there is a lag in CO2 production from the glucose taken up by the cells. More pronounced CO2 production is apparent as the C14 is distributed in various components of the cell (or its metabolic pools). Marked uptake of C'4 was evident in both the soluble and insoluble hot trichloroacetic acid fractions. During this period of assimilation there is a decrease in ammonia liberation to about one-third the endogenous value. Endogenous ammonia apparently is utilized in the synthesis of nitrogenous compounds in these fractions. This behavior is similar to that reported by Warren, Ells, and Campbell (1960) for Pseudomonas aeruginosa.
In other experiments it was noted that there were variations in the percentages of C14 found in the cellular fractions, although the total C'4 recovered was near 100%. Slight variation in the age of the cells (and possibly incipient sporulation) or changes in their endogenous activity before adding the glucose may account in part for these variations. Attempts to control such factors, including the use of cells from continuous flow cultures, are in progress. It was found that slight variation in the glucose concentration had little effect. Doubling the concentration induced no more than a 10% increase in C'4 taken up during the first hour and caused no significant change in percentage distribution in the various fractions.
Conditions of incubation, however, do influence the results to some extent. W11hen 4-ml samples were shaken in the 125-ml flasks to provide highly aerobic conditions, more of the glucose taken up by the cells was distributed in the fractions insoluble in cold trichloroacetic acid than in 2 ml of the suspension shaken in the combustion tubes, while a slightly higher percentage of radioactivity was noted in the cold trichloroacetic acid-soluble fraction of the latter cells. Results of such a comparative experiment are recorded in Table 2 . It is probable that the higher percentage distribution in the alcohol-soluble fraction from cells in the small tubes in this experiment is the result of experimental error (some insoluble material transferred with the alcohol), since under similar conditions no more than 10 to 12% of the C14 was found in alcohol-soluble extracts in other experiments. It does appear that the availability of oxygen may control to some extent the degree of distribution of glucose in various cellular fractions, and, in particular, it is apparent that much less (ca. 30%) C'4-glucose was taken up by cells from the same suspension incubated in the small tubes than in the large flask.
The results of these experiments indicate that there is marked uptake of glucose by washed cells of B. cereus, and that with time much of the glucose carbon is distributed in various fractions of the cells. This appears in part to be at the expense of the oxidation of cellular components or reserves, since there is a high ratio of C14 assimilated to CO2 liberated during the early course of glucose utilization. The actual percentage of assimilation (or uptake) varies with the time at which measurements are made, being considerably higher early in the course of utilization of the glucose than by the time most of the glucose has been removed from the suspension medium. Danforth and Wilson (1961) , as a result of studies with a nonphotosynthetic Euglena, have proposed that the endogenous reserves are "composed of two (or more) components, a 'labile reserve' which is the immediate source of 
